BACKGROUND AND PURPOSE: Paraclinoid aneurysms have been increasingly treated endovascularly. The natural history of these aneurysms has gradually been elucidated. The purpose of this study was to assess the safety and efficacy of endovascular treatment for these aneurysms.
P
araclinoid aneurysms are located in the clinoid and ophthalmic segments of the ICA. 1 Because of the anatomic structures adjacent to the segments of the ICA (eg, anterior clinoid process, cavernous sinus, optic apparatus), microsurgical treatment of a paraclinoid aneurysm can be challenging. 2 With the development of novel devices and the need for lessinvasive treatment, an increasing number of paraclinoid aneurysms have been treated by endovascular treatment. The natural history of unruptured intracranial aneurysms has been reported as represented by the International Study of Unruptured Intracranial Aneurysms and the Unruptured Cerebral Aneurysm Study (UCAS) by Japanese investigators. [3] [4] [5] [6] [7] [8] According to these studies, the size and location of the aneurysms were regarded as leading predictors of rupture. The UCAS Japan investigators reported that the annual rupture rate of paraclinoid aneurysms was 1% overall when they were 7-24 mm in largest dimension. 7 Therefore, aneurysms Ն7 mm would be good candidates for prophylactic endovascular treatment.
There have been no studies reported, however, that analyzed the complication and recurrence rates relative to the annual rupture rate. [9] [10] [11] [12] [13] [14] [15] The purpose of the present study was to assess the safety and efficacy of endovascular treatment for paraclinoid aneurysms in a cohort of 400 cases. The advantage of this study was that we could estimate the clinical outcome of endovascular treatment for these aneurysms in comparison with the natural history of an aneurysm of the same size in the same ethnic population by using the UCAS Japan data.
MATERIALS AND METHODS

Study Population
Between January 2006 and December 2012, a total of 889 endovascular coil embolizations were conducted for unruptured intracranial aneurysms at Kobe City Medical Center General Hospital. Among these procedures, 415 were applied to 403 paraclinoid aneurysms in 380 patients. Surgical clipping was chosen for only 6 paraclinoid aneurysms during this period. Three aneurysms in 3 patients were excluded because they were treated by parent artery occlusion. Thus, a total of 400 paraclinoid aneurysms in 377 patients were included in the study.
Paraclinoid aneurysms at our institution are categorized as anterior wall, ventral paraclinoid, true ophthalmic, or carotid cave aneurysms according to the al-Rodhan et al 16 classification modified by Iihara et al. 17 Aneurysm size was categorized as small (Ͻ7 mm) or large (Ն7 mm). We retrospectively reviewed the medical records and radiologic data for these patients. Informed consent for the treatment was obtained from all the patients, and our institutional review board approved the protocol. The patient characteristics used in this analysis included age, sex, medical history (hypertension, diabetes mellitus, dyslipidemia, polycystic kidney, number of aneurysms, smoking habit, family history of SAH), and neurologic symptoms. Radiologic characteristics included dome and neck size, dome:neck ratio, and location of aneurysms.
Endovascular Procedures
Procedures were performed with the patient under local anesthesia. All the patients were pretreated with daily doses of 100 mg of aspirin and 75 mg of clopidogrel for Ͼ5 days in preparation for a stent-assisted technique. After femoral puncture, a bolus of 4000 -5000 U of heparin was administered intravenously, followed by intermittent intravenous infusion of 1000 -2000 U of heparin to maintain the activated clotting time at 2 times the patient's baseline throughout the procedure. After the procedure, the patients were administered continuous intravenous argatroban 60 mg/day for 48 hours. Patients who underwent a stent-assisted procedure continued treatment with the dual antiplatelet therapy described above for 6 months, followed by 100 mg of aspirin or 75 mg of clopidogrel per day indefinitely. Otherwise, patients were treated with 100 mg of aspirin or 75 mg of clopidogrel per day for 6 months, followed by no antiplatelet therapy.
The decision about whether a stent-assisted technique should be used was based on the risk of coil protrusion into the parent artery. We started measuring aspirin-reaction units and P2Y12 reaction units in 2010 and used these values for the decisionmaking process in 2013. Therefore, the antiplatelet function test was not taken into account for the selection of antiplatelet drugs during the study period.
Angiographic Outcomes and Follow-Up
Angiographic outcomes were divided into 3 categories: complete occlusion, neck remnant, body filling. 18 Immediate angiographic outcomes were assessed by using DSA on the date of treatment. Follow-up angiographic outcomes were assessed by DSA and/or MRA. Recurrence was defined as any decrease in the occluded area demonstrated by DSA or MRA. Recurrences were subdivided into those that required intervention and those that were treated conservatively. For each aneurysm, angiographic follow-up by DSA was scheduled for 6 months after treatment. Radiographic follow-up by MRA was performed at various intervals. When recanalization was suspected, DSA was performed to identify indications for additional treatment.
Complications related to the procedures were recorded based on symptoms and radiologic examination. Ischemic and hemorrhagic complications were diagnosed by using CT and MRI. When patients displayed neurologic symptoms, including headache, radiologic examinations were conducted just after treatment. Otherwise, those examinations were routinely conducted on the day after treatment. Other complications, such as visual impairment and oculomotor nerve palsy, were considered to be procedure-related based on the time of onset and radiographic analysis. Good clinical outcome was defined as an mRS of 0 -2 at 6 months. Complications that left a neurologic deficit at 6 months were described as permanent morbidity.
In this study, aneurysm size was classified as small (Ͻ7 mm) or large (Ն7 mm). We compared the results according to the aspects of the aneurysm location, therapeutic strategy (adjunctive technique), angiographic outcome, recurrence rate, frequency of complications, and subsequent clinical outcomes. 
Statistical Analysis
RESULTS
Demographics
A total of 400 unruptured paraclinoid aneurysms in 377 patients were treated endovascularly. Characteristics of the patients and aneurysms are summarized in Table 1 . Two hundred eighty-five aneurysms (71.3%) were small, and 350 (87.5%) occurred in female patients. The mean age of the patients was 56.2 Ϯ 11.2 years (range, 27-80 years), and 23 patients (6.1%) were Ն70 years. The numbers of patients who had a medical history of hypertension, diabetes mellitus, dyslipidemia, or polycystic kidney disease were 151 (40.1%), 19 (5.0%), 83 (22.0%), and 0, respectively. Seventyeight patients (20.7%) were former or current smokers, 45 (11.9%) had a family history of SAH, and 86 (22.6%) had multiple aneurysms. Three hundred eighty-three aneurysms (95.8%) were asymptomatic. Variables that were seen significantly more often or were more frequently observed in patients with large aneurysms included older age (P ϭ .003), former or current smoking habit (P ϭ .042), and symptoms caused by the aneurysm (P ϭ .002). Radiologic characteristics of the aneurysms are summarized in Table 2 . The mean dome:neck ratio was significantly lower with small aneurysms (1.6 Ϯ 0.4) than with large aneurysms (2.2 Ϯ 0.7) (P Ͻ .001). The location of aneurysms was also significantly different between the groups (P ϭ .003). The most prevalent lo-cation for small aneurysms was the carotid cave (42.8%), whereas that for large aneurysms was the anterior wall (33.0%).
Treatment Specifics
Treatment strategies are summarized in Table 3 . All aneurysms were treated by endovascular coil embolization. A stent-assisted technique was more frequently used for large aneurysms (43.5%) than for small aneurysms (17.2%) (P Ͻ .001). The procedures failed for 3 small aneurysms (1.1%) and 1 large aneurysm (0.87%). Among these 4 failures, 2 small aneurysms were retreated on another day by using different strategies. In the other 2 cases, the patients refused retreatment.
Angiographic Outcomes
Details about the angiographic outcomes are shown in Table 3 . Follow-up angiography (DSA or MRA) at 6 months was available for 386 aneurysms (96.5%). Among them, 273 (68.3%) were examined by DSA. MRA at 2 years (18 Ϯ 6 months) was available for 291 aneurysms (72.8%). A total of 37 aneurysms (9.6%) recurred during the follow-up period, with 81% of them (30/37) detected by a scheduled angiography at 6 months.
Among the small aneurysms, immediate complete occlusion was achieved for 29 (10.2%), a neck remnant for 80 (28.1%), and body filling for 176 (61.8%). Radiologic follow-up was available for 96.5% (275/285), with a mean interval of 30 Ϯ 19 months (range, 6 -96 months). During the follow-up period, the complete occlusion rate increased to 72.4%. Eighteen aneurysms (6.5%) recurred, and retreatment was needed for 3 of them (1.1%).
For the large aneurysms, immediate complete occlusion was achieved in 9 (7.8%), a neck remnant in 40 (34.8%), and body filling in 66 (57.4%). Radiologic follow-up was available for 96.5% (111/115), with a mean interval of 36 Ϯ 21 months (range, 6 -83 months). During the follow-up period, complete occlusion was achieved in 55.0%. There were 19 recurrences (17.1%), and 7 (6.3%) underwent retreatment. The distributions of the immediate angiographic outcomes were almost the same in the small and large aneurysm groups (P ϭ .37). During the follow-up period, however, the rate of body filling was significantly higher for large aneurysms than for small aneurysms (P Ͻ .001). As a result, the numbers of recurrences and retreatments were significantly higher for large aneurysms (P ϭ .001 and P ϭ .007, respectively).
The following factors were evaluated as predictors of recurrence: age, sex, location of the aneurysm, side, large (Ն7 mm), wide neck (Ն4 mm or aspect [dome:neck] ratio of Յ2), medical history (hypertension, diabetes mellitus, smoking habit), body filling at initial treatment, use of stent-assisted technique, ischemic complication (Table 4 ). The univariate analysis indicated that only the large size of an aneurysm was a significant predictor of recurrence (P ϭ .001). In the multivariate analysis, large size was also a significant (P ϭ .005) predictor after correction by side and ischemic complication (P ϭ .101 and 0.097 in the univariate analysis, respectively). To show the trend for what we assessed to be major recanalization, the predictors of retreatment were also subjected to univariate analysis (Table 5 ). Among the factors listed above, large size (P ϭ .008) and former or current smoking habit (P ϭ .031) were associated with retreatment.
Procedure-Related Complications
There were 16 procedural complications (3.9%) ( Table 6 ). Thromboembolic complications were most frequent, which occurred in 12 patients (2.9%). Among them, permanent morbidity was observed in 3 patients (0.7%). Permanent morbidity included in-stent thrombosis that resulted in ICA occlusion in 1 patient and visual impairment due to an embolism in the ophthalmic artery in 2 patients. In the other 9 patients (2.2%), the symptoms were mild and resolved spontaneously within a few days. Thromboembolic complications were found significantly more often in patients with large aneurysms (9/122) than in those with small ones (3/290) (P ϭ .001).
Hemorrhagic complications (intraprocedural aneurysm rupture) occurred in 2 patients (0.5%), both with small aneurysms. One of them (0.2%) resulted in permanent morbidity. Other complications were observed in 2 patients (0.5%). Visual disturbance and oculomotor nerve palsy due to compression by coil mass occurred in 1 patient each (0.2%). Neither resulted in permanent morbidity. Complications associated with the coil mass were seen only in large aneurysms. Overall, permanent morbidity rates were 1.0% for small aneurysms and 0.8% for large ones (P ϭ 1.0).
Long-Term Clinical Outcome
In the small-aneurysm group, among 273 patients with 285 aneurysms, clinical follow-up was available for 268 patients. The mean clinical follow-up duration was 32 Ϯ 19 months (range, 6 -97 months). Poor clinical outcomes were observed in 2 patients (0.7%), both of which were procedure-related (mRS ϭ 3 in both cases).
Among 113 patients with 115 large aneurysms, clinical follow-up was available for 112 patients. The mean clinical follow-up duration was 39 Ϯ 21 months (range, 6 -88 months). Poor clinical outcomes were observed in 3 patients (2.7%). All were unrelated to the procedure and included cerebral infarction (mRS ϭ 4), cerebral hemorrhage (mRS ϭ 4), and pontine hemorrhage (mRS ϭ 6). One patient with a large aneurysm (9.0 mm) had aneurysmal rupture owing to recanalization 2 months after treatment, but the patient had a good clinical outcome after additional endovascular treatment (mRS ϭ 0).
DISCUSSION
Unruptured intracranial aneurysms are common and occurred in approximately 1%-2% of the population, as reviewed by Vlak et al. 19 Because most unruptured intracranial aneurysms are asymptomatic and are found incidentally, treatment should be considered after balancing the natural history of the aneurysm with the risk posed by the treatment. Prospective data for the natural history of unruptured intracranial aneurysms by the International Study of Unruptured Intracranial Aneurysms and UCAS Japan investigators showed that the annual rupture rate increased for aneurysms that were Ն7 mm. The presence of a daughter sac and a history of SAH increased the rupture rate. 5, 7 In the Japanese cohort, the annual rupture rates for paraclinoid aneurysms were approximately 0.1%, 1%, and 10% when they were Ͻ7 mm, 7-24 mm, and Ͼ25 mm, respectively, in size. 7 Analysis of our data showed that the 6-month morbidity and mortality rates for aneurysms Ն7 mm were acceptably low (0.8% and 0%, respectively). The retreatment rate with a mean follow-up interval of 39 months was also acceptable (6.3%). Prophylactic treatment of these unruptured aneurysms could be rationalized. The indications for endovascular treatment of small paraclinoid aneurysms, however, should be carefully assessed on an individual basis after considering the patient and aneurysmal factors, such as medical comorbidities, patient age, a history of SAH, the presence of a daughter sac, aneurysmal size, and aneurysmal enlargement. Treatment may be considered when patients are predicted to be at relatively high risk of rupture because the 6-month morbidity and retreatment rates for small aneurysms are low (1.0% and 1.1%, respectively). Unruptured paraclinoid aneurysms have been increasingly treated endovascularly for anatomic reasons. [9] [10] [11] [12] [13] [14] [15] 20 Colli et al 2 reviewed microsurgical outcomes of paraclinoid aneurysms, which showed that total complication rates were 21.3%-41.7%. The complications included intraoperative aneurysm rupture in 0.8%-14.3%, occlusion of the ICA in 1.2%-13.6%, and visual impairment in 1.8%-33.3%. 2 Mortality rates associated with microsurgical treatment in unruptured cases were 0%-10.0%. 2 Total neurologic complications associated with endovascular coil embolization of unruptured paraclinoid aneurysms reported after 2010, including this study, were 1.4%-6.7% and mortality was 0%, [10] [11] [12] 14, 15, 21 which demonstrated that endovascular treatment was more appropriate for prophylactic treatment of these aneurysms. Paraclinoid aneurysms are increasingly being treated with flow-diversion stents, which may further reduce the procedural risks associated with endovascular treatment. [22] [23] [24] [25] Angiographic and clinical outcomes from previous studies are summarized in Table 7 . The immediate complete occlusion rate in our series was low (9.5%) compared with those in earlier studies (28.2%-86.6%). [9] [10] [11] [12] [13] [14] [15] 21 The complete occlusion rate in the late stage, however, reached approximately 70%, which was similar to those reported in previous studies (54.0%-87.8%). [9] [10] [11] [12] [13] [14] [15] 21 The results indicated that aggressive coil packing was not essential for good angiographic outcomes during the late stage because of the possibility of subsequent thrombus formation around the coil mass.
The recurrence rate in this region differed among studies, which ranged from 5.0% to 23.1%.
9-15,21 D'Urso et al 15 reported
that stent-assisted coil embolization was associated with a lower recurrence rate than that seen with a simple technique (6% vs 19%, P ϭ .171). Their results were replicated by Yadla et al 21 (9.4% vs 24.6%, P ϭ .03). In our series, however, stent use did not affect the recurrence rate (8.3% vs 10.0%, P ϭ .63). This could be due to different indications for using the stent-assisted technique among studies. The proportion of stent-assisted embolization was higher in our series, which indicated that the total recurrence rate could be reduced if the stent-assisted technique were properly applied for likely-to-recur aneurysms in this region. We showed that the mean interval from the initial treatment to recurrence was 7.8 Ϯ 5.0 months, and recurrence was rarely detected after the first posttreatment year (Figure) . Consistent with our results, Wang et al 10 reported that recurrence was detected in 12.5% of cases at a mean interval of 9.89 Ϯ 5.21 months. Although Yadla et al 21 showed that recurrence was detected in 17.8% of cases, at a mean interval of 28.3 months, the difference might be caused by the scheduled timing of follow-up angiography. Follow-up angiography at 6 -12 months would be reasonable for detecting late recanalization. Aneurysm rupture after recanalization has been rare, with only 3 cases reported to date, including 1 case in this study (Table 7) . Still, it is of note that the rupture occurred as early as 2 months after coil embolization in these cases. Thus, additional follow-up MRA at 1 month may be needed to detect acute recanalization that could cause aneurysmal rupture. Previous studies showed that the size of the aneurysms was associated with the recurrence rate, 10, 12, 15 and analysis of our data indicated that aneurysms of Ն7 mm were at a higher risk of recurrence. Previous reports, however, did not analyze the relationship between aneurysm size and the type of complications. Analysis of our data indicated that large aneurysms were likely to be associated with ischemic complications and that small aneurysms were associated with hemorrhagic complications. This finding was consistent with previously published data by Shigematsu et al. 26 There were several limitations to our study. First, the study was designed as a retrospective review based on a single-center experience. Therefore, it might not be suitable to compare the data with those of a prospective cohort study (UCAS Japan). However, because of the relatively high risk of rupture for large aneurysms in this region, it is not reasonable to conduct a prospective controlled trial. Cost-effective analysis may provide further support for the rationale of prophylactic treatment for unruptured aneurysms. Second, indications for endovascular treatment of small aneurysms were addressed in an individualized fashion according to the patient age, history of SAH, family history of SAH, size, shape (ie, the presence of a daughter sac) and multiplicity of the aneurysm, aneurysmal enlargement, patient anxiety and mental status, and comorbidities (eg, hypertension). Many of these parameters can be associated with an increased risk of rupture for small aneurysms. 27 However, such parameters were not precisely provided, and we could not determine whether the decision-making process was consistent. Indications might have been altered after publication of data from large cohorts, such as in the Small Unruptured Intracranial Aneurysm Verification Study or UCAS Japan. 7, 27 This was also a limitation that stems from the retrospective nature of our study.
Third, platelet function testing was not performed in this study population, though there is evidence that the hyporesponse to clopidogrel is associated with increased risk of thromboembolic complications. [28] [29] [30] [31] Selection of the antiplatelet drugs might have influenced the increased incidence of thromboembolic events in large aneurysms that were treated by using the stentassisted technique.
CONCLUSIONS
Endovascular treatment of unruptured paraclinoid aneurysms Ն7 mm can be achieved with high technical success, low complication rates, and excellent long-term outcomes. Treatment of unruptured paraclinoid aneurysms Ͻ7 mm may be considered in patients, based on an individualized assessment of risk factors, including medical comorbidities, patient age, ethnicities, aneurysm characteristics, and history of SAH. Note:-CO indicates complete occlusion; EVT, endovascular treatment; -, not available.
FIGURE.
Recurrence rates after the initial treatment according to the size of the aneurysms. Most recurrences were detected within 1 year after treatment.
